Introduction
Thymic carcinoma is a rare, highly mediastinal malignancy derived from the thymic epithelium. It shows the classical histological features with prominent cell atypia, increased proliferation and lack of immature T lymphocytes. 1 Thymic carcinomas are a group that includes tumors which are heterogeneous for histological appearance. Based on the clinical characteristics and histologic features, it has been classified into low-grade and high-grade malignancy groups. However, this category has been excluded from the current World Health Organization (WHO) classification. 2 Thymic carcinoma can also be divided into further 10 subtypes including thymic clear cell carcinoma. Thymic clear cell carcinoma is particularly rare and represents approximately 3% of all thymic carcinoma. 3 Unfortunately, there are not much data on pathogenesis, prevalence, clinical characteristics, immunohistochemical features and treatment. The patient series of primary thymic clear cell carcinoma in the literature comprises a few such cases. Here, we present one rare case of primary thymic clear cell carcinoma of a patient in combination with left breast infiltrative ductal carcinoma, including the pathologic description of this thymic carcinoma. We then compared the features of our patient with those of 18 others with similar tumors described in the literature.
The presented case was obtained from the files of the Department of Pathology at Zhejiang Hospital. This case was derived from a thymectomy specimen, and hematoxylin and eosin (H&E)-stained sections were available for review. Immunohistochemical staining was performed using antibodies against pan-cytokeratin (CKpan) (1:100; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd, Beijing, China), 34βE12 (1:100; Zsbio), p63 (1:100, Zsbio), thyroid transcription factor 1 (TTF-1) (1:25, Zsbio), GATA binding protein 3 (GATA-3) (1:100, Zsbio), human melanoma black 45 (HMB45) (1:100, Zsbio), CD5 (1:100; Zsbio), c-kit (1:50; Zsbio), and terminal deoxynucleotidyl transferase (TdT) (1:50; Zsbio). The relevant clinical data and follow-up of this case were obtained using a retrospective survey.
The literature selection for this review included a PubMed database search from 1982 to December 2017 of reported cases in English. The search was performed by using various combinations of searching keywords involving "(thymic OR thymus) and (clear cell carcinoma OR clear cell feature)." Reports with detailed clinical data including age, gender, symptoms, tumor size, treatment, follow-up, and immunohistochemistry were summarized. In addition, crossreferencing of related papers was analyzed in the articles from the research cited. The data in the relevant literatures were summarized, and the clinical and pathological features of new cases and previously reported cases were discussed.
Consent statement
Written informed consent was obtained from the patient for publication of this case report and accompanying images. A copy of the written consent is available for review by the author of this paper.
Results

Case report
A 50-year-old female was admitted to our hospital after the diagnosis of infiltrative ductal carcinoma of the breast. She had received the diagnosis 2 months ago and had begun chemotherapy according to the EC schedule (epirubicin 140 mg/m 2 and cyclophosphamide 800 mg/m 2 ). The physical examination after admission revealed a remarkable abnormal finding, a palpable mass was examined at the anterior clavicle of the neck. Chest computed tomography (CT) findings demonstrated a mass in the anterosuperior mediastinum ( Figure 1 ). Blood tests including alpha-fetoprotein, acetylcholine receptor antibody (AchR-Ab) and titin antibody (Titin-Ab) as markers for myasthenia gravis, beta-human chorionic gonadotropin (β-HCG), CA19.9 and human immunodeficiency virus (HIV) were all within normal range. Abdominal CT, brain magnetic resonance imaging (MRI), colonoscopy, otolaryngological and gynecological examinations revealed no evidence of other abnormalities.
Partial thymectomy via median sternotomy and radical mastectomy were performed, and the surgically resected tumor was a 4.0 × 3.0 × 3.0 cm 3 solid white mass obtained from the anterosuperior mediastinum. Histopathological examination with H&E staining showed the tumor with a lobulated architecture composed of undifferentiated clear cells, with the abundance and density of fibrous stroma (Figure 2A ). The tumor appeared to have radially penetrated the peripheral adipose tissue. Figure 2B showed homogeneous neoplastic cells with abundant, clear cytoplasm, round or ovoid nuclei and a low nuclear/cytoplasmic ratio. Nuclear atypia was not marked, and nuclear chromatin was finely dispersed. Mucicarmine stain was negative in this case when tested, while the material was positive for Periodic acid Schiff (PAS) ( Figure 2C 
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Primary clear cell carcinoma of the thymus epidermal growth factor (HER2/neu) IHC score was 3+, and the Ki-67 labeling index was 30% in the resected breast tumor.
We made a diagnosis of thymic clear cell carcinoma based on the histological and immunophenotypical findings. According to the Masaoka staging system, the tumor at the diagnosis presented in stage IIb. The patient was also evaluated as having stage IIIa (T3N1M0) breast cancer. Later, our patient was treated systemically with four cycles of chemotherapy which consisted of epirubicin, cyclophosphamide, docetaxel and trastuzumab (herceptin) after surgery. She underwent another operation for total thymectomy and the removal of surrounding adipose and received adjuvant radiotherapy administered to mediastinal lesion in the other hospital after our treatment. The patient performed well within 12 months after surgery, and the follow-up tests showed no symptoms of local recurrence or metastasis.
Systematic literature review
Our comprehensive review of reported literature of primary thymic clear cell carcinoma revealed only 18 cases. The detailed clinical and pathological information collected from all 19 cases (including our case) are summarized in Table 1 . Eighteen patients had been diagnosed thymic clear cell carcinoma histologically either by biopsy or by surgical resection, and only one case was confirmed by cytology. Among the 19 patients, the reported age ranged between 33 and 84 years (average 52.6 years) with a slight male predominance (63.2%). The most common clinical manifestation was a mediastinum mass discovered incidentally. Eight patients were asymptomatic on admission, and five patients had chest pain. The reported tumor size ranged between 3 and 12 cm (average 7.8 cm). In 13 cases, including ours, complete resection was performed to obtain the diagnosis of thymic clear cell carcinoma. The treatment for thymic clear cell carcinoma was described in 18 cases, only six patients received chemoradiation therapy in which the tumor was resected. Of the 18 cases reported, eight had spread metastases, with survival ranging from 2 weeks to 13 years, while the other five patients remained alive without significant recurrence during their follow-up. In our case, the patient was in good 
Discussion
Thymic epithelial tumors (TETs) are the second most common tumors of the mediastinum (21%) and the most predilection sites of the anterosuperior mediastinum. 15 However, thymic carcinoma is extremely rare and represents less than 1% of the thymic malignancies. Thymic carcinoma was defined as a malignant tumor that was completely different from thymoma in cell morphology and immunohistochemistry by Levine and Rosai in 1978 . 16 Thymic carcinoma shows much more aggressive clinical behavior than thymoma, generally tends to spread radially into the adjacent thymus and adipose tissue and widespread metastases are common. Thymic carcinoma can be divided into further subtypes, i.e., Several staging systems have been evolved over the years, the WHO staging system using the TNM classification and the Masaoka staging system are the most commonly used. 3, 15, 17 Thymic clear cell carcinoma, as histologic of cells with an optically clear cytoplasm, was first reported by Snover et al in 1982. 4 Microscopically, clear cell of the thymus is often not active in cytology, which is in contrast to its clinical invasion. Thymic clear cell carcinoma usually shows the lobulated structure, and the tumor cells are nested, lobed, and flaky, which are surrounded by hyperchromatic fibrous stroma. The blood sinus vascular structure of the metastatic lesion of renal cell carcinoma is lacking. 9 The tumors have a broad range of cytological features, ranging from uniform clear cells with minimal atypia to the pleomorphic neoplasm cells with obvious nucleoli. Cytoplasm is abundant, mostly transparent or granular, and can be mildly eosinophilic. In some cases, scattered lymphocytes, focal necrosis and transitions from areas of conventional squamous cell carcinoma can be observed. Although sometimes the tumor has well-defined periphery, it is characterized by the biological features of infiltrative, and surrounding fatty tissue or residual thymus around the mediastinal could be invaded.
The top differential diagnosis is metastatic renal cell carcinoma or a metastasis from other clear cell tumors. 18 Although renal cell carcinoma bears some similarities in cytologic and architectural, features such as glands with extensive luminal hemorrhage and sinusoidal vasculature are lacking in thymic clear cell carcinoma. Immunoreactivity for high-molecular weight keratins would support thymic clear cell carcinoma, and conversely, strong staining for PAX8 and vimentin supports metastatic renal cell carcinoma. In our case, the tumor cells were positive for 34βE12 and p63 and negative for PAX8 and vimentin. Additionally, a normal abdominal CT scan would exclude a renal primary. Primary lung and thyroid carcinoma both may show clear cell changes, frequently metastasize or extend into the mediastinum, but they exhibit histologic and immunohistochemical differences from thymic clear cell carcinoma. 9 Again, the radiographic exclusion of a lung mass at the time of diagnosis of thymic neoplasm is important. In our case, given the absence of a pulmonary mass on initial radiographic evaluation, the tumor cells were negative for TTF-1; a diagnosis of thymic clear cell carcinoma was rendered, excluding primary from metastatic lung.
Differential diagnosis should be discussed with other primary tumors, including mediastinal seminoma, parathyroid carcinoma, balloon cell melanoma and thymoma with clear cell component. Primary mediastinal seminomas, which occur almost exclusively in men, are morphologically similar to testicular seminomas, with small tumor lobules in a stroma containing a marked lymphocytic infiltrate. 19 Cytologically, seminoma cells are more pleomorphic, with vesicular nuclei and obvious nucleoli, in contrast to the bland nuclear feature of thymic clear cell carcinoma. 9 Seminomas in other extragonadal sites as well as primary testicular tumors are generally positive for placental alkaline phosphatase (PLAP). 20 In contrast, thymic clear cell carcinoma is focally positive for keratins and is generally unreactive for PLAP. Parathyroid carcinoma, although cytologically similar to thymic clear cell carcinoma, has broad trabecular, rather than lobular, architecture (or both) of endocrine differentiation and is more diffusely parathyroid hormone (PTH)-positive in the clear cells. Pure clear-cell variants of melanoma composed predominantly or entirely of cells with large amounts of clear, vacuolated cytoplasm, due to intracytoplasmic glycogen may be confused with thymic clear cell carcinoma. In such cases, immunohistochemical staining is a valuable diagnostic adjunct, as melanoma is uniformly positive for S-100, HMB-45, and Melan-A. The changes of clear cells were often found in WHO Type B3 thymoma and are almost focal lesions. In most tumors, these are gradual migrations of clear cell lesions, with the prominent traditional Type B3 thymoma region observed. Necrotic, hyperproliferative, fibroplasia or P53 overexpression were lacking and PAS were negative.
In recent years, a large number of studies have been published in the literature, attempting to identify specific immunohistochemical markers that can help diagnose and identify primary thymic carcinoma. 18 The use of immunomarkers is rather limited as there is not a single immunohistochemical stain that can unequivocally separate thymic clear cell carcinoma from other tumors. In general, CK (pan) is strongly positive in the tumor cells of thymic clear cell carcinoma. Variable staining has been described for CD5, c-kit and EMA, whereas Pax8, S-100, PLAP and TTF-1 are usually negative. 21 These markers are not specific, and especially, the clear cell variant of thymic carcinoma can show variable expression for CD5 22, 23 and is often negative for c-kit. 13, 24 In addition, tumor cells usually show strong cytoplasmic diastase-labile periodic acid-Schiff positivity, but the Mucicarmine stain is 
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Dai et al negative. All the immunophenotypic features described above are illustrated in our case, which supports the diagnosis of clear cell carcinoma of the thymus.
Clear cell carcinomas of the thymus are highly malignant, aggressive mediastinal neoplasms with frequent local recurrences and distant metastases. The specific criteria to confirm this tumor have not yet been established. However, based on its rarity, challenging histologic diagnosis, more cases should be collected to better define clinical behavior, histopathology, pathogenesis and other relevant information.
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